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(57) ABSTRACT 

A network topology collection device determining a network 
topology which indicates a connection state of a route 
prepares opposed topology information which indicates the 
connection state between a collection node to which the 
network topology collection device itself belongs and 
opposed nodes which respectively terminate routes termi 
nated by the collection node, collects opposed topology 
information of a node directly or indirectly routed to the 
collection node, and determines a topology of an entire 
network based on the opposed topology information col 
lected. Also, in a hierarchized route, the collection device 
determines a network topology of a route in a specific 
hierarchy based on opposed topology information in the 
hierarchy and opposed topology information of a route in 
another hierarchy. 

18 Claims, 27 Drawing Sheets 

40 
PATH 

  



U.S. Patent Nov. 7, 2006 Sheet 1 of 27 US 7,133,370 B2 

FIG.1A 
10 2 

: 20a ROUTE (SECTION) 

COLLECTION 
NODE 

OPPOSED 
NODE 

711 
--- (SECTION) 10 2 

- SIGNAL OPPOSED COLLECTION 

M 71 2 
RESPONSE - -ES 72 ry als SIGNAL 

response 20b 2 
SIGNAL 

FIG.1C 

RESPONSE 
SIGNAL 

712 -* 721 

  

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 2 of 27 US 7,133,370 B2 

40a 4 Aoa 3 

40 
PATH 

TERMINATION 

  



U.S. Patent Nov. 7, 2006 Sheet 3 of 27 US 7,133,370 B2 

FIG.3 

30a, LINE 
20a SECTION 

PATH 
40a1 
1 40an 

PATH 
40b 1 
r 40bn 

20b SECTION 
30b LINE 

SECTION 
201 

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 4 of 27 US 7,133,370 B2 

FIG.5 

SECTION (REGENERATOR) 
201 102 

84 INTERNAL CONNECTION STATE 
INFORMATION OF PATH 

FIG.6 

40 PATH 

82 84 INTERNAL CONNECTION STATE 
OPPOSED TOPOLOGY INFORMATION INFORMATION OF PATH 

(PATH CONNECTION STATE BETWEEN NODES) 

FIG.7 

SECTION (REGENERATOR) 
10 1. 102 203 10-4 

An 
A A. 
On 
- A - A YUV 

An- 201 Anu/ 

S A 
( LINE 301 401 PATH 
82 84 NTERNAL CONNECTION STATE 

OPPOSED TOPOLOGY INFORMATION INFORMATION OF VIRTUAL PATH 
(PATH CONNECTION STATE BETWEEN NODES) 

  

  

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 5 of 27 US 7,133,370 B2 

FIG.8 

(NODE INCAPABLE OF PATH ROUTE 
CHANGEOWER) 

102 
SECTION 
201 

40 1 PATH 302 
82 84 INTERNAL CONNECTION STATE 

OPPOSED TOPOLOGY INFORMATION INFORMATION OF VIRTUAL PATH 
(PATH CONNECTION STATE BETWEEN NODES) 

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 6 of 27 US 7,133,370 B2 

  



U.S. Patent Nov. 7, 2006 Sheet 7 of 27 US 7,133,370 B2 

FIG.10 

SWITCH CONTROL SIGNAL 

NETWORK 
TOPOLOGY 
COLLECTION 

DEVICE 

STATIC SWITCHING SETTING 

FIG.11 

ROUTE 201 
(SECTION) 105 

E,--E: NODE IDENTIFIER 
S~S, ; ROUTE EDGE IDENTIFIER 

  



U.S. Patent Nov. 7, 2006 Sheet 8 of 27 US 7,133,370 B2 

FIG.12 

ROUTE 201 
(SECTION) 

10 5 

  



U.S. Patent Nov. 7, 2006 Sheet 9 of 27 US 7,133,370 B2 

FIG.14 

ROUTE 201 
(SECTION) 

  



U.S. Patent Nov. 7, 2006 Sheet 10 of 27 US 7,133,370 B2 

FIG.16 

ROUTE 20-1 
(SECTION) 

FIG.17 

100 NETWORK TOPOLOGY COLLECTION DEVICE O NODE ROUTE 
** A/ (SECTION) 

20b 1 
60 SWITCH CONTROL 

SIGNAL 

- 13 \- 18 TOPOLOGY 20b 2 
COLLECTORE INTERNAL 

CONNEC. 

| |TION STATE 
| | MANAGER 

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 11 of 27 US 7,133,370 B2 

FIG.18 

ROUTE ROUTE 
(SECTION) (SECTION) 

10 3 20b 2 10 1. 20al 
S, at S. 

FIG.19A DEMAND PACKET 71 

70 
; ROUTE CONNECTION STATE 

FIG.19B RESPONSE PACKET 72 HEADEr INFORMATION 

FIG.20A SECTION DATA 81 

FIG.20B CONNECT DATA 83 

  



U.S. Patent Nov. 7, 2006 Sheet 12 of 27 US 7,133,370 B2 

FIG.21A 
ROUTE 

OPPOSED NODE COLLECTIONNODE SEN OPPOSED NODE 
- 103 30.2 - 101 201 102 

P P 

P 

m 

OKodC TO 

P. (1----0 

- . 1 LINE 
30 2 - 71. 1 

FIG.21B DEMAND PACKET ->HEADer REQUEST 

RESPONSE PACKET FIG.21C 

FIG.21D SECTION DATA 

REQUEST — DEMAND PACKET, 82 722 

FIG.21F ENS 
FIG.21G SECTION DATA 

FIG.21H CONNECT DATA 

FIG.21 CONNECT DATA 

  

  

  

  



U.S. Patent 

ROUTE 
ANALYZER 

INTERNAL 
CONNEC 

TION STATE 
MANAGER 

ROUTE 
ANALYZER 

INTERNAL 
CONNECT 
ION STATE 

MANAGER 

Nov. 7, 2006 

101 COLLECTION NODE 

TOPOLOGY 

22 

it 

10 2 OPPOSED NODE 

COLLECTOR 

T6 
RESPONSE 
PACKET 

A/ 

COLLECTOR PACKET 

TOPOLOGY 

Sheet 13 Of 27 US 7,133,370 B2 

FIG.22 

1. 

SWITCH CONTROL v SIGNAL 
DEMAND 

J. 
2 T13 

FIG.23 

EDGE 
INFORMATION 

w 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 14 of 27 US 7,133,370 B2 

FIG.24 

101 COLLECTION NODE 
11 

A/ 

TOPOLOGY . . 60 
COLLECTOR" """"" 

RESPONSE PACKET 

s' 
P 

s 

s 

8 
ve 8. 

w 

81 
SECTION 
DATA 

INTERNAL 
CONNEC 

TION STATE 
MANAGER 

80 
RECEIVING 
EDGE 
INFORMATION 

FIG.25 

101 COLLECTION NODE 

ROUTE 
ANALYZER 

TOPOLOGY 
COLLECTOR 

INTERNAL C 

CONNEC 
TION STATE 

MANAGER 

  

  

  

  

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 15 of 27 US 7,133,370 B2 

FIG.26 

102 OPPOSED NODE: E2 

ROUTE 
ANALYZER 

HANGESVER 
MANAGER OMPLEThPACKET 

T35 y 

FIG.27 

101 COLLECTION NODE 

ROUTE 
ANALYZER 

INTERNAL 
CONNECT- N 
ION STATE TóPoiqGY 

COLLECTION MANAGER REQUESTRACKET 

Y 
OPOLOGY 

HEADER COLLECTION 
REQUEST 

  

    

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 16 of 27 US 7,133,370 B2 

FIG.28 

10 2 OPPOSED NODE 

ROUTE 
ANALYZER TOPOLOGY 

COLLECTOR 

INTERNAL 
CONNEC 

TION STATE 
MANAGER 

  

  

  

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 17 of 27 US 7,133,370 B2 

FIG.29A 

10 2 OPPOSED NODE 

TOPOLOGY . ...’ 
COLLECTOR" "" 
SECTION 

DATAPACKET 

% 
2% " 

79 

ROUTE 
ANALYZER 22222 

222222 

INTERNAL 
CONNEC 

TION STATE 
MANAGER 

FIG.29B FORMAT OF SECTION 
DATAPACKET 78 

FIG.29C FORMAT OF CONNECT 
DATA PACKET 79 

  

  

  

  

  

  

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 18 of 27 US 7,133,370 B2 

FIG.30 

101 COLLECTION NODE 

|z-P TOPOLOGY 

(4% COLLECTOR 

ROUTE 
ANALYZErs 

INTERNAL 
CONNEC- x8 SOH 

TION STATE TERMI 
MANAGER NATOR 

FIG.31 

10 2 OPPOSED NODE 

ROUTE 
ANALYZER 

TOPOLOGY 
COLLECTOR''''''''V' INTERNAL 

CONNEC 
TION STATE 
MANAGER 

  

    

  

    

  

  

  

  

    

  



U.S. Patent Nov. 7, 2006 Sheet 19 of 27 US 7,133,370 B2 

FIG.32 

101 COLLECTION NODE 

ROUTE 
ANALYZER TOPOLOGY 

COLLECTOR 

MANAGER 

FIG.33 

101 COLLECTION NODE (E) 

ROUTE 
ANALYZER 

TOPOLOGY 
COLLECTOR INTERNAL 

CONNEC 
TION STATE 
MANAGER 

  

    

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 20 of 27 US 7,133,370 B2 

FIG.34 

102 RELAY NODE (E.) 

60 

ROUTE 74al 8 
ANALYZER z. 

TOPOLOGY '" 
INTERNAL COLLECTOR 
CONNEC 

TION STATE 
MANAGER 

CHANGEOWER 
HEADER COMPLETE 

NOTIFICATION 

FIG.35 

101 COLLECTION NODE (E) 

ROUTE 
ANALYZER 

TOPOLOGY '''''''''''" 
COLLECTOR 222 

Vy 
742 

T58 

INTERNAL 
CONNEC 

TION STATE 
MANAGER 

    

  

    

  

  

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 21 of 27 US 7,133,370 B2 

FIG.36 

102 RELAY NODE 

ROUTE 
ANALYZER 

TOPOLOGY 
COLLECTOR 

INTERNAL 
CONNEC 

FIG.37 

104 REMOTE NODE (E) 

60 

M 
E2E 

ROUTE 
ANALYZER 

74a 2 

INTERNAL 
CONNEC 

TION STATE 
MANAGER 

  

  

    

  

  

  

  

  

  

    

  

  



U.S. Patent Nov. 7, 2006 Sheet 22 of 27 US 7,133,370 B2 

FIG.38 

10_2 RELAY NOTDE 

ROUTE 
ANALYZER 

TOPOLOGY 

INTERNAL COLLECTOR 
CONNEC 

TION STATE 
MANAGER 

FIG.39 

^ 101 COLLECTION NODE 

ROUTE ...' 20a 
ANALYZER g s 

3 

INTERNAL 

CONNEC 
ON STATE 
MANAGER 

at 

77 . 
TOPOLYGY 
COLLECNON 

  

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 23 of 27 US 7,133,370 B2 

FIG.40 

10 2 RELAY NODE 

ROUTE 
ANALYZER 

TOPOLOGY 
COLLECTOR 

MANAGER 

FIG.41 

104 REMOTE NODE 
2Ob 4 

SOH 
TERMI 
NATOR, 

ROUTE 
ANALYZER TOPOLOGY 

COLLECTOR 

INTERNAL 
CONNEC 

TION STATE 
MANAGER 

  

  

  

  

    

  

  

  

  

  

  

  

  

      

  



U.S. Patent Nov. 7, 2006 Sheet 24 of 27 US 7,133,370 B2 

FIG.42 

104 REMOTE NODE 

TOPOLOGY : 
COLLECTOR." 
SECTION DATA 

PACKET 

as 
CONNECT 

IDATA 

ROUTE 
ANALYZER 

INTERNAL 
CONNEC 

FIG.43 

102 RELAY NODE 

ROUTE 
ANALYZER 

TOPOLOGY 
INTERNAL COLLECTOR 
CONNEC 

TION STATE 

MANAGER 

    

    

  

    

  

  



U.S. Patent Nov. 7, 2006 Sheet 25 Of 27 US 7,133,370 B2 

FIG.44 

101 COLLECTION NODE 

20b 1 

TOPOLOGY . . |z| 78 
COLLECTOR." (4%-79 

ROUTE s 220al 
ANALYZEI* '' 

rt 20b 2 

INTERNAL 
CONNEC 

TION STATE 20a2 
MANAGER 

FIG.45 

104 REMOTE NOIDE 

ROUTE 
ANALYZER 

TOPOLOGY 
INTERNAL COLLECTOR 4 

CONNEC- Y CH RELEAS \, SWITCH RELEASE''. 
TION STATE 'EAGREf t MANAGER 

  



U.S. Patent Nov. 7, 2006 Sheet 26 of 27 US 7,133,370 B2 

FIG.46 

102 RELAY NODE 

ROUTE 
ANALYZER 

TOPOLOGY 
COLLECTOR 

INTERNAL 

CONNEC 
TION STATE 

MANAGER 

FIG.47 

101 COLLECTION NODE 

ROUTE 

ANALYZER TOPOLOGY 
COLLECTOR 

INTERNAL 
CONNEC 

TION STATE 
MANAGER 

  

  

  

  



U.S. Patent Nov. 7, 2006 Sheet 27 Of 27 US 7,133,370 B2 

FIG.48 

START 

A- S11 
EXTRACT NODE & SECTION EDGE 

FROMSECTION DATA 

ExTRACT conNECroN STATE of 
SECTION FROMSECTION DATA 

Rot TEDRivario 
COMPLETE OF SECTION 

S13 
DETERMINE THAT LINE IS IN 
SECTION HAVING NODES 
EXCEPT REGENERATOR ON 

REGENERATOR. Ri 
S14 

S15 
EDGES OF SECTION Ri 

S16 
SEARCHFOR SINGLE CONNECT DATUM 

CONCERNINGS OF R, TO CHECK 
INTERNAL CONNECTION STATE OF 

SINGLE PATH, WHEN THE CONNECTION 
IS FOUNDAS ARESULT OF CHECKING, IT 

IS DETERMINED THAT LINES 
PENETRATED THROUGH BETWEEN 

SECTIONS 
sit 

S18 

ROUTEDERVATION 
COMPLETE OF LINE 

S19 

CONNECT DATAC, 
WITHOUTSECTION EDGE 

-- S2O 
RETRIEVE SECTION DATAS 

CONCERNING SECTION EDGE TO WHICH 
DESTINATION PATHP, INDICATED BY C 

BELONGS 

RETRIEVE CONNECT DATA CONCERNING 
PATH OF SAME CHANNELNO, ASP 
AMONG PATHS WHICH BELONG TO 

DESTINATION SECON EDGE 
INDICATE). BYS; NEWLYMAKE 
RETRIEVED CONNECT DATAC 

OF SECTIONEDGE IN 
DESTINATION PATH 1. 

INDICATED Y 
BY C. 

NO S23 

ROUTEDERIVATION COMPLETE OF 
SINGLE PATH, DELETE CONNECT 
- DATAUSED IN THIS LOOP 

-- S24 

ROUTEDERVATION 
COMPLETE OF PATH 

END 

  

  

  

  

    

    

    

    

  

  

    

    

  

    

    

  

  

  

  



US 7,133,370 B2 
1. 

NETWORK TOPOLOGY COLLECTION 
DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a network topology 

collection device, and in particular to a network topology 
collection device for determining a network topology which 
indicates a connection state of a route. 

Recently, with a rapid advancement of a communication 
technology and a growing demand for communication, the 
number of nodes (transmission devices) and routes (links) 
which compose a network has been increasing, a commu 
nication rate has been enhanced, the routes in the network 
have been hierarchized (multiplexed), and a network topol 
ogy has been complicated. 

In Such a complicated network, recognition (determina 
tion) of a network topology when the nodes and routes are 
added/changed/removed at the time of a network construc 
tion or after the construction has been more and more 
important for enhancing the reliability of communication. 

2. Description of the Related Art 
Recognition of the prior art network topology Such as a 

recognition of a connection state after a network construc 
tion in an SDH/SONET trunk transmission system requires 
verifications based on network composition data, which 
much rely on manual works, resulting in a possibility of 
wrong network construction. 

In order to solve this problem, “Generation method of 
network composition data and network system using the 
same' disclosed in the Japanese Patent Application Laid 
open No.2000-4227 has proposed a method/system for 
performing verifying works in real time. 
The method and system are characterized in that trans 

mission information carried by transmission part informa 
tion added thereto is transmitted between interfaces of 
transmission devices (nodes) mutually connected, the trans 
mission part information received on the reception side and 
reception part information which receives the transmission 
part information are stored, and the stored transmission part 
information and the reception part information are combined 
to be outputted as device information required from a 
processor connected to the outside of the transmission 
device. 
When the method and the system are applied to an 

SDH/SONET network, for example, a connection state of a 
section can be collected since the collected network com 
position data are an aggregation of pairs of the transmission 
part information and the reception part information. How 
ever, a connection state of a line and a path may not be 
collected. Namely, in this method and system, there is a 
problem that only a network topology of a section within a 
route where a section, a line, and a path are hierarchized 
(“multiplexed” in the SDH/SONET network) can be recog 
nized. 

Also, the processor is connected to the outside of the 
transmission device with another transmission line different 
from one through which communication service information 
passes. The network composition data are collected through 
this different transmission line. Accordingly, there is a 
problem as follows: When the different transmission line 
through which the network composition data pass is abnor 
mal, the processor can not properly collect the network 
composition data. Therefore, although the transmission line 
through which the communication service information 
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passes is normal, the topology of the network composed of 
the normal transmission line and the transmission device can 
not be determined. 

Furthermore, since the network composition data are 
collected in real time in the method and the system, the 
transmission device is always required to keep transmitting 
the transmission part information and to keep transmitting 
the network composition data to the processor. The proces 
sor is always required to update the network composition 
data, and to determine the network topology. Accordingly, 
there is a problem that information transmitted/received 
between the transmission devices and between the transmis 
sion device and the processor is increased, thereby compli 
cating the processing of the processor. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide a network topology collection device which deter 
mines a network topology indicating a connection state of a 
route and which enables the network topology accurately 
corresponding to the network to be easily determined when 
required. Specifically, it is an object to determine the net 
work topology indicating the connection state of the network 
based on information collected by using a transmission line 
of communication service, to determine the network topol 
ogy of a hierarchized route, to decrease information amount 
transmitted/received and processed, and to make processing 
for determining the network topology easy. 

In order to achieve the above-mentioned object, a network 
topology collection device according to the present inven 
tion comprises: first means for demanding, from an opposed 
node which terminates a route terminated by a node to which 
the network topology collection device itself belongs, route 
connection state information indicating a connection state 
with the route, and for preparing opposed topology infor 
mation based on responded route connection state informa 
tion; and second means for collecting opposed topology 
information of a node directly or indirectly routed to the 
node to which the network topology collection device itself 
belongs. 

FIGS. 1A-1C show a principle (1) of the present inven 
tion. The network topology collection device (not shown) of 
the present invention is included in a node 10 1 (hereinafter, 
occasionally referred to as collection node) collecting a 
network topology. In FIGS. 1A-1C, an SDH/SONET net 
work is shown as an example of the network and a section 
is shown as an example of the route. 

In the SDH/SONET network, nodes are bidirectionally 
connected with a transmitting route (section) and a receiving 
route corresponding to each other one-on-one, and the routes 
are terminated by the nodes. 

In FIG. 1A, the collection node 10 1 collecting the 
network topology is connected to a node 10 2 opposed to 
the node 10 1 with a transmitting section 20a and a receiv 
ing section 20b as seen from the collection node 10 1. 
Hereinafter, a pair of transmitting section 20a and receiving 
section 20b is regarded as a single section and is generally 
represented by a section 20, and is occasionally shown by a 
single pattern (line or cylinder). 

FIG. 1B shows a network example in which the collection 
node 10 1 is connected to the opposed node 10 2 with two 
sections 20 1 (sections 20a 1 and 20b 1) and 20 2 (sec 
tions 20a 2 and 20b 2). FIG. 1C shows a network example 
in which the collection node 10 1 is connected to a plurality 
of nodes 10 2, 10 3, and 10 4 opposed to the node 10 1 
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with sections 20 1, 20 2, and 20 3 (hereinafter, occasion 
ally represented by a reference numeral 20). 

In FIG. 1C, the first means of the network topology 
collection device in the collection node 10 1 transmit, 
through the sections 20a 1–20a 3, demand signals 
711–713 which demand route connection state informa 
tion indicating a connection state with the section 20 to the 
opposed nodes 10 2-10 4 which respectively terminate the 
sections (routes) 20 1-20 3 terminated by the node 10 1 to 
which the network topology collection device itself belongs. 

The nodes 10 2-10 4 respectively return response sig 
nals 72 1–72. 3 including the route connection state infor 
mation therein to the node 10 1 through the sections 
20b 1-20b 3. 
The first means prepare, based on all of the route con 

nection state information received, opposed topology infor 
mation which aggregates route information composed of the 
node 10 1 to which the network topology collection device 
itself belongs, the route (section) terminated by the node 
10 1, and the opposed node 10 which terminates the other 
end of the route. 
The second means demand the opposed topology infor 

mation of the nodes directly connected to the node to which 
the network topology collection device itself belongs with 
the route, i.e. the opposed nodes 10 2-10 4, and the nodes 
(not shown) indirectly connected through the nodes 
10 2-10 4. 
The first means of the nodes 10 having received the 

demand prepare the opposed topology information in the 
same way as the collection node 10 1 to be returned to the 
collection node 10 1. 

Thus, it becomes possible to acquire the opposed topol 
ogy information of all of the nodes composing the network. 

Similarly, in the network shown in FIGS. 1A and 1B, the 
collection node 10 1 can prepare the opposed topology 
information of its own and can collect the other opposed 
topology information. 

It is to be noted that in a redundant network where the 
nodes 10 1 and 10 2 shown in FIG. 1B are connected with 
two sections 20 1 and 20 2, the collection node 101 
demands the route connection state information respectively 
through the sections 20 1 and 20 2, thereby enabling the 
opposed topology information including the connection 
state of the sections 20 1 and 20 2 to be prepared. 

Also, the present invention according to the above-men 
tioned invention may further comprise an internal connec 
tion state manager for managing internal connection state 
information indicating the connection state of the route 
within the node to which the network topology collection 
device itself belongs, and the second means may collect the 
opposed topology information further including internal 
connection state information within the node directly or 
indirectly routed to the node to which the network topology 
collection device itself belongs. 

FIG. 2 is a diagram for describing a principle (2) of the 
present invention, and shows a route connection state within 
the node. As a route example, paths 40a 1-40a 5. . . . . 
40b 1-40b 5, ... (hereinafter, occasionally represented by 
a reference numeral 40) in the SDH/SONET network are 
shown. It is to be noted that the paths 40a 1-40a 5, ... and 
the paths 40b 1-40b 5, . . . are respectively connected 
bidirectionally corresponding to each other one-on-one. 
An internal connection state manager (not shown) man 

ages the internal connection state information indicating the 
connection state of the path 40 within the node 10 to which 
the network topology collection device itself belongs. 
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4 
The second means collect, as the opposed topology infor 

mation, the opposed topology information further including 
the internal connection state information within the other 
nodes opposed to the node 10. 

Thus, it becomes possible to determine the network 
topology of the route passing through the nodes. 

Also, in the present invention according to the above 
mentioned invention, the route may be hierarchized, and the 
first means may prepare opposed topology information 
corresponding to a route in at least one hierarchy at the node 
to which the network topology collection device itself 
belongs, and the second means may collect opposed topol 
ogy information corresponding to the route in at least one 
hierarchy. 

FIG. 3 is a diagram for describing a principle (3) of the 
present invention, which shows a hierarchized route, e.g. an 
example of the hierarchized route in the SDH/SONET 
network. In the route connecting the nodes 10 1 and 10 2. 
the section 20a, a line 30a, the paths 40a (ch1)–4.0a in 
(chn), the section 20b, a line 30b, and the paths 40b 
(ch1)–40b n (chn) are hierarchized. 

In the principle (1) of the present invention shown in 
FIGS. 1A-1C, it is described that the network topology 
collection device collects the opposed topology information 
of the section in case where the route is a section in the 
SDHASONET network. 

It becomes possible for the network topology collection 
device to further acquire the opposed topology information 
of the line and the path with a node to which the network 
topology collection device itself belongs being made a 
collection node, and to collect the opposed topology infor 
mation of the line and the path of other nodes. 

Also, the present invention according to the above-men 
tioned invention may further comprise a route analyzer for 
determining a topology of an entire network based on the 
opposed topology information. 

Namely, a route analyzer can determine the topology of 
the entire network based on the opposed topology informa 
tion collected from the nodes composing the network. 

Also, in the present invention according to the above 
mentioned invention, the route analyzer may determine a 
network topology of a route in a specific hierarchy based on 
opposed topology information in the hierarchy and opposed 
topology information of a route in another hierarchy. 

FIG. 4 is a diagram for describing a principle (4) of the 
present invention, which shows a section 20 and a line 30 in 
the SDH/SONET network. The lines 30 1 and 30 3 always 
have sections 20 1 and 20 3 respectively corresponding to 
the lines. Also, when e.g. the nodes 10 1, 10 2, and 10 4 are 
not a regenerator, the lines 30 1 and 30 3 are terminated by 
the nodes 10 1, 10 2, and 104. 

Accordingly, the network topology of the line 30 is the 
same as that of the section 20. 

Namely, the route analyzer can determine the network 
topology of the route (e.g. line) in the specific hierarchy 
based on the opposed topology information of the line and 
the opposed topology information of the route (e.g. section) 
in another hierarchy. 
By using the opposed topology information of the route in 

another hierarchy, the route analyzer can determine the 
network topology with less opposed topology information 
amount of the route in the specific hierarchy. 

Also, in the present invention according to the above 
mentioned invention, in presence of a node which does not 
terminate the route in the specific hierarchy, the route 
analyzer may determine the topology of the route in the 
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specific hierarchy based on opposed topology information of 
the route in another hierarchy included in the route in the 
specific hierarchy. 

FIG. 5 shows a principle (5) of the present invention, 
which shows a case where the node 10 2 in FIG. 4 is a 
regenerator and the line 30 1 is not terminated by the node 
10 2. 
When it is recognized that the node 10 2 is a regenerator, 

it is determined that the line 30 1 whose one edge is 
connected to the node 10 1 is not terminated by the node 
10 2, and that the line 30 1" (line 30 1) whose one edge 
is connected to the node 10 4 is not terminated by the node 
10 2. Also, it is recognized from the path connection state 
within the node 10 2 that the lines 30 1 (30 1") are con 
nected with the node 10 2. 

Namely, in the presence of a node which does not 
terminate a route (e.g. line) in a specific hierarchy, the route 
analyzer determines the line topology based on the opposed 
topology information (internal connection state information 
84) of the route (e.g. path) in another hierarchy included in 
the route (line) in the specific hierarchy. 

Also, in the present invention according to the above 
mentioned invention, the route analyzer may determine the 
topology of the route in the specific hierarchy based on 
internal connection state information of the route in the 
specific hierarchy and opposed topology information of a 
route in a hierarchy including the route in the specific 
hierarchy. 
A principle (6) of the present invention in FIG. 6 shows 

a determination example of the network topology of the 
path. In this example, the network topology of the path is 
determined by combining the internal connection state infor 
mation 84 of the path in the node 10 2 with the connection 
state of the path between the nodes recognized from the 
opposed topology information (connection state of the sec 
tions 20 1 and 20 3) 82 of the section. 

Also, in the present invention according to the above 
mentioned invention, the internal connection state informa 
tion may comprise internal connection state information of 
a virtual route in the specific hierarchy. 
A principle (7) of the present invention in FIG. 7 shows 

a case where the node 10 2 is a regenerator. It is possible to 
determine the network topology of the path in the same way 
as the case of FIG. 6 by converting the connection state of 
the virtual path within the node 10 2 into data of the internal 
connection state information 84. 
A principle (8) of the present invention in FIG. 8 shows 

an example of a network topology determination in case 
where the node 10 2 is a node incapable of performing a 
path route changeover in FIG. 6. Also in this case, it is 
possible to determine the network topology of the path based 
on the internal connection state information 84 of the virtual 
path within the node 10 2. 

Also, in the present invention according to the above 
mentioned invention, the internal connection state manager 
may determine the internal connection state information 
based on a function of each node. 

FIGS. 9A and 9B show a principle (9) of the present 
invention. The node 10 includes a node which does not 
terminate the line, as shown in FIG. 9A, and is called a 
regenerator. The paths 40a 1-40a in and 40b 1–40b in 
respectively included in such lines 30a 1 and 30b 1 are 
Supposed to have a virtual internal connection state. 

Also, there is a node which can not change over the route 
(path) as shown in FIG. 9B. The paths 40a 1–4.0a in and 
40b 1-40b n are supposed to have a virtual internal con 
nection state. 
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6 
Namely, the internal connection state manager can deter 

mine the internal connection state information of the route 
(path in the above-mentioned example) based on a function 
of the node. 

It is to be noted that in the description of the above 
mentioned principles (7) and (8) of FIGS. 8 and 9, the 
network topology is determined by using this virtual internal 
connection state information. 

Also, in the present invention according to the above 
mentioned invention, the node may have a Switch, and the 
second means may transmit a Switch control signal for 
switching over the switch of the node to which the network 
topology collection device itself belongs, a relay node, or a 
collecting destination node, and may establish a transmis 
sion line of the opposed topology information. 

FIG. 10 shows an arrangement of the node 10, which is 
composed of a network topology collection device 100 of 
the present invention, a switch 14, and an SOH terminator 15 
corresponding to a route (section 20 in FIG. 10). 

It is possible to mutually connect the second means 
included in the network topology collection device 100 of 
the present invention and the route (terminator), or the routes 
(terminators) with a switch control signal 60 through the 
switch 14. 
The second means can establish a transmission line of the 

information by transmitting the Switch control signal which 
changes over the switch 14 of the node to which the network 
topology collection device itself belongs, the relay node if it 
exists, or the node of the collecting destination. 

Namely, when transmitting a signal for demanding e.g. 
the opposed topology information to the collecting destina 
tion node, the second means transmit to the nodes a Switch 
changeover signal for changing over the Switch of its own 
node as a collecting source, the Switch of the collecting 
destination node by which the opposed topology informa 
tion is collected, and the switch of the relay node if it exists. 

Based on this Switch changeover signal, the Switches of 
the nodes are changed over and a static Switching route is set 
up between the network topology collection device 100 and 
the SOH terminator 15, or between the SOH terminators 15 
to establish a transmission line. 

Thus, it becomes possible for the network topology col 
lection device to establish a static transmission line between 
the collection device itself and a network topology collec 
tion device of nodes except the node to which the network 
topology collection device itself belongs. 

Also, in the present invention according to the above 
mentioned invention, the information transmitted/received 
between the nodes may be transmitted through the route. 

Namely, information demanding the route connection 
stare information, the route connection state information, 
information demanding the opposed topology information, 
the opposed topology information, Switch changeover infor 
mation, or the like, for example, is transmitted through the 
route composing the network topology, i.e. the route for 
communication service information. 

Thus, by using another route, the problem caused by a 
fault of another route can be eliminated that the network 
topology can not be determined although the route for the 
communication service information is normal. 

Also, in the present invention according to the above 
mentioned invention, the second means may recognize a 
node connected to a network based on the opposed topology 
information collected, and may repeat a collection of 
opposed topology information until any of recognized nodes 
collects opposed topology information. 
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Namely, the second means execute the following proto 
col. 

(1) The second means recognize the nodes connected to 
the network based on the collected opposed topology infor 
mation. Namely, the nodes included in the collected all of 
the opposed topology information are nodes connected to 
the network. 

However, there is a possibility that another node is further 
connected to the node which does not collect the opposed 
topology information within the nodes connected to the 
network. 

(2) Therefore, the second means collect the opposed 
topology information from the node which does not collect 
the opposed topology information to return to the above 
mentioned (1). This is repeated until any node collects the 
opposed topology information, thereby enabling all of the 
nodes connected to the network to be determined. 

Hereinafter, the collection procedure of the opposed 
topology information by the above-mentioned protocol will 
be more intelligibly described based on a network 200 
shown in FIG. 11. 
The network 200 in FIG. 11 is composed of nodes 

10 1-10 5 and routes (sections) 20 1-20 5. The nodes 
10 2 and 10 3 are connected to the node 10 1 respectively 
with the sections 20 1 and 20 2. The node 104 is con 
nected to the node 10 2 with the section 20 3, and the nodes 
10 4 and 10 5 are connected to the node 10 3 respectively 
with the sections 204 and 20 5. 

FIGS. 12–16 show collection procedures (1)–(5) of the 
opposed topology information by the above-mentioned pro 
tocol, and especially show the case where the node 10 1 is 
one collecting the network topology. 

In the procedure (1) of FIG. 12, the network topology 
collection device (not shown) of the collection node 10 1 
(shown by hatching) collects the route collection state 
information of the sections 20 1 and 20 2 up to the opposed 
nodes 10 2 and 10 3, prepares the opposed topology infor 
mation based on the route collection state information, and 
acquires the internal connection state information indicating 
the internal route connection state of the node 10 1. 

Thus, the node 10 1 recognizes the existence of the nodes 
10 2 and 10 3, and at least one route (section) to the nodes. 

In the procedure (2) of FIG. 13, the collection device 
establishes a transmission line 501 from the node 101 to 
the node 10 2, and requests, from the node 10 2, the 
collection of the opposed topology information of the route 
(e.g. section) up to the node 10 opposed to the node 10 2 and 
the acquisition of the internal connection state information 
indicating the connection State of the route (e.g. path) within 
the node 10 2. The node 10 2 transmits the opposed topol 
ogy information and the internal connection state informa 
tion to the node 10 1. 

Thus, the node 10 1 recognizes the existences of the node 
10 4 and the route to the node 104. 

In the procedure (3) of FIG. 14, the collection device 
requests the same operation requested to the node 10 2 from 
the node 10 3. The node 10 3 returns the opposed topology 
information and the internal connection state information of 
the node 103 to the node 101. Thus, the node 101 
recognizes the existence of the node 10 5 and the route to 
the node 10 5. 

In the procedure (4) of FIG. 15, the collection device 
establishes a transmission line 50 3 through the node 10 2 
between the nodes 10 1 and 10 4, and requests the opposed 
topology information and the internal connection state infor 
mation of the node 10 4 from the node 10 4 to acquire the 
SaC. 
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In the procedure (5) of FIG. 16, the collection device 

similarly establishes a transmission line 50 4 through the 
node 10 3, and acquires the opposed topology information 
and the internal connection state information of the node 
10 5. 

Thus, the collection device acknowledges the opposed 
topology information and the internal connection state infor 
mation of all of the node 101 to which the network 
topology collecting device itself belongs and the other nodes 
10 2-10 5 composing the network. Namely, the collection 
device acquires the network topology of the route. 

It is to be noted that since an acquisition processing of the 
connection state is performed from both sides for a single 
route at this time, there are twice as many as data describing 
the same section in the data acquired by the collection device 
of the node 10 1. Therefore, the data of the section opposed 
topology information in which only the connecting source 
and the connecting destination are exchanged are regarded 
identical, so that only one side of the data is stored, thereby 
reducing the data amount collected by the node 10 1. 

Also, in the present invention according to the above 
mentioned invention, the node and the route may compose 
an SDH/SONET network, and the second means may estab 
lish the transmission line by using an unused area of a 
Section overhead of an SDH/SONET. 

Also, in the present invention according to the above 
mentioned invention, the route connection state information 
may comprise an identifier of the opposed node and an 
identifier of an edge of the opposed node side of the route, 
and the opposed topology information may comprise an 
aggregation aggregating route data, composed of identifiers 
of both edges of a route and identifiers of nodes which 
respectively terminate the both edges, for all of the routes 
terminated by the node to which the network topology 
collection device itself belongs. 

Also, in the present invention according to the above 
mentioned invention, the internal connection state informa 
tion may comprise an aggregation aggregating route connect 
data, for all pairs of a first and a second route connected 
within the node, composed of an identifier of a node, 
identifiers of a first and a second route connected within the 
node, and identifiers of a third and a fourth route including 
the first and the second route. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1C are block diagrams showing a principle (1) 
of a network topology collection device according to the 
present invention; 

FIG. 2 is a block diagram showing a principle (2) of a 
network topology collection device according to the present 
invention; 

FIG. 3 is a block diagram showing a principle (3) of a 
network topology collection device according to the present 
invention; 

FIG. 4 is a block diagram showing a principle (4) of a 
network topology collection device according to the present 
invention; 

FIG. 5 is a block diagram showing a principle (5) of a 
network topology collection device according to the present 
invention; 

FIG. 6 is a block diagram showing a principle (6) of a 
network topology collection device according to the present 
invention; 

FIG. 7 is a block diagram showing a principle (7) of a 
network topology collection device according to the present 
invention; 
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FIG. 8 is a block diagram showing a principle (8) of a 
network topology collection device according to the present 
invention; 

FIGS. 9A and 9B are block diagrams showing a principle 
(9) of a network topology collection device according to the 
present invention; 

FIG. 10 is a block diagram showing a principle (10) of a 
network topology collection device according to the present 
invention; 

FIG. 11 is a diagram showing a network arrangement in 
a principle (11) of a network topology collection device 
according to the present invention; 

FIG. 12 is a block diagram showing a collection proce 
dure (1) of a network topology in a principle (11) of a 
network topology collection device according to the present 
invention; 

FIG. 13 is a block diagram showing a collection proce 
dure (2) of a network topology in a principle (11) of a 
network topology collection device according to the present 
invention; 

FIG. 14 is a block diagram showing a collection proce 
dure (3) of a network topology in a principle (11) of a 
network topology collection device according to the present 
invention; 

FIG. 15 is a block diagram showing a collection proce 
dure (4) of a network topology in a principle (11) of a 
network topology collection device according to the present 
invention; 

FIG. 16 is a block diagram showing a collection proce 
dure (5) of a network topology in a principle (11) of a 
network topology collection device according to the present 
invention; 

FIG. 17 is a block diagram showing an embodiment of a 
network topology collection device according to the present 
invention; 

FIG. 18 is a block diagram showing an identifier example 
of a network element used in a network topology collection 
device according to the present invention; 

FIGS. 19A and 19B are diagrams showing a format 
example of a packet exchanged between network topology 
collection devices according to the present invention; 

FIGS. 20A and 20B are diagrams showing a format 
example of section data acquired by a network topology 
collection device according to the present invention and 
connect data prepared by the same; 

FIGS. 21A-21 I are sequence diagrams showing an acqui 
sition procedure example of data in a network topology 
collection device according to the present invention; 

FIG. 22 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (1) of a collection node in a 
network topology collection device according to the present 
invention; 

FIG. 23 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (2) of a collection node in a 
network topology collection device according to the present 
invention; 

FIG. 24 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (3) of a collection node in a 
network topology collection device according to the present 
invention; 

FIG. 25 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
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10 
data) acquisition procedure (1) of an opposed node in a 
network topology collection device according to the present 
invention; 

FIG. 26 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (2) of an opposed node in a 
network topology collection device according to the present 
invention; 

FIG. 27 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (3) of an opposed node in a 
network topology collection device according to the present 
invention; 

FIG. 28 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (4) of an opposed node in a 
network topology collection device according to the present 
invention; 

FIGS. 29A-29C are sequence diagrams showing an 
example of an opposed topology information (section data 
and connect data) acquisition procedure (5) of an opposed 
node in a network topology collection device according to 
the present invention; 

FIG. 30 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (6) of an opposed node in a 
network topology collection device according to the present 
invention; 

FIG. 31 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (7) of an opposed node in a 
network topology collection device according to the present 
invention; 

FIG. 32 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (8) of an opposed node in a 
network topology collection device according to the present 
invention; 
FIG.33 is a sequence diagram showing an example of an 

opposed topology information (section data and connect 
data) acquisition procedure (1) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 34 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (2) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 35 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (3) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 36 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (4) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 37 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (5) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 38 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
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data) acquisition procedure (6) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 39 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (7) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 40 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (8) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 41 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (9) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 42 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (10) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 43 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (11) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 44 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (12) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 45 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (13) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 46 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (14) of a remote node in a 
network topology collection device according to the present 
invention; 

FIG. 47 is a sequence diagram showing an example of an 
opposed topology information (section data and connect 
data) acquisition procedure (15) of a remote node in a 
network topology collection device according to the present 
invention; and 

FIG. 48 is a flow chart showing a route analysis procedure 
example of sections, lines, and paths in a network topology 
collection device according to the present invention. 

Throughout the figures, like reference numerals indicate 
like or corresponding components. 

DESCRIPTION OF THE EMBODIMENTS 

FIG. 17 shows an embodiment of the network topology 
collection device 100 according to the present invention. 
This collection device 100 is composed of a topology 
collector 11, a route analyzer 12, and an internal connection 
state manager 13, and is installed within the node 10. 

In this embodiment, the node 10 corresponds to the 
SDH/SONET network, and is provided with a switch 14 
connected to the topology collector 11 and section overhead 
terminators (hereinafter, occasionally abbreviated as SOH 
terminators) 15. 1, 15 2. . . . (hereinafter, occasionally 
represented by a reference numeral 15). 
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12 
The SOH terminators 15 respectively terminate the sec 

tions 20 1 (indicating a pair of sections 20a 1 and 20b 1. 
the same applied to the followings), 20 2. . . . (hereinafter, 
occasionally represented by a reference numeral 20). 
The switch 14 dynamically switches over a packet trans 

mitted/received between the SOH terminators 15. The topol 
ogy collector 11 can set a static Switch, within the Switch 14, 
which connects the SOH terminators 15 or the SOH termi 
nator 15 to the topology collector 11. 
The topology collector 11 has the first means of demand 

ing route connection state information 70 (see FIG. 19B) 
indicating the connection state with the section from the 
opposed node 10 which terminates the section 20 terminated 
by each SOH terminator 15, and of preparing opposed 
topology information 82 which is an aggregation of section 
data 81 (see FIG. 20A) corresponding to each section 
prepared based on the responded route connection state 
information 70. 

Furthermore, the topology collector 11 is provided with 
the second means of collecting the opposed topology infor 
mation 82 of the node directly or indirectly connected to the 
node 101 with the section. 

Hereinafter, an operation will be described in case where 
the network topology collection device 100 of the present 
invention is installed in the nodes 10 1-105 and the 
collection device 100 of the node 101 collects the network 
topology in the SDH/SONET network 200 composed of the 
nodes 10 and sections 20 shown in FIG. 11. 
The identifiers of the nodes and the sections used for 

describing the operation, the formats of the packets and the 
data, and the basic collection procedure of the data will be 
described referring to FIGS. 18–21. 

FIG. 18 shows identifiers set to the nodes 10 and the 
Sections 20. The nodes 10 of the SDH/SONET network have 
information of a value and a serial No. indicating a function 
(LTE terminator, generator, or the like) of the nodes 10, a 
name given by an operator, or the like. 

Based on the information, an identifier E, is automatically 
set to the nodes 10 within the network in order to uniquely 
identify the nodes. Also, an identifier S, is set to the edges of 
all the sections 20 terminated by the nodes 10 in order to 
uniquely identify the edges. However, the identifier S, is 
arbitrarily provided to each node 10, and the identifier S, of 
different nodes 10 may be the same identifier. 

Identifier E-E are respectively set to the nodes 
10 1-10 3 shown in FIG. 18, an identifier S is set to the 
edge of the node 10 1s side of the section 20 1 (a pair of 
sections 20a 1 and 20b 1), and an identifier S is set to the 
edge of the node 10 2's side of the section 20 1. The 
identifier S is set to the edge of the node 10 1s side of the 
section 20 2 (a pair of sections 20a 2 and 20b 2), and the 
identifier S is set to the edge of the node 103's side of the 
section 20 2. 

FIG. 19A shows a demand packet (demand signal) 71 
transmitted from the collection node 10 to the opposed node 
10. FIG. 19B shows a response packet (route connection 
state information 70) 72 responded by the opposed node 10 
for the demand packet 71. 
The demand packet 71 is composed of a header and data 

indicating the demand packet. The response packet 72 is 
composed of a header and the route connection state infor 
mation 70, which is composed of the identifier E, of the 
opposed node perse and the identifier S, of the opposed node 
side of the section having received the demand packet 71. 
The node 10 2 shown in FIG. 18, for example, returns the 

response packet 72 in which the data="E'+'S' as a 
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response to the demand packet 71 received from the node 
10 1 through the section 20a 1. 

FIGS. 20A and 20B respectively show formats of the 
section data 81 and the connect data 83. 
The section data 81 are prepared for each section 20 in the 

collection node 10. The format of the section data 81, as 
shown in FIG. 20A, is composed of the identifier E, of the 
collection node 10, the identifier S, of one edge of the section 
20 terminated by the collection node 10, an identifier E, 
which terminates another edge of the section 20, and an 
identifier S, of another edge of the section 20. 
The connect data 83 indicate the connection state of two 

paths 40 within the nodes 10, and are prepared for each pair 
of paths 40 connected at the nodes 10. The paths 40 are 
included in the sections 20 and the lines 30, and a channel 
No. P, is set as the identifier. 

In the format of the connect data 83, as shown in FIG. 
20B, the identifier E, of the node 10, the identifier P, of the 
path 40 on one side, the identifier S, of the section 20 
including the path 40 on the concerned node 10's side, an 
identifier P, of the path on the other side, and the identifier 
S, of the section 20 including the path on the concerned node 
10’s side are arranged in the order of E. S. P, S, and P. 

FIGS. 21A-21 I show a procedure that the network topol 
ogy collection device (not shown) in the collection node 
10 1 demands the route (section) connection state informa 
tion 70 from the opposed nodes 10 2 and 10 3, and prepares 
the section data 81 based on the responded state information 
70, and show an example of the connect data 83 prepared 
within the network topology collection device. 

FIG. 21A shows a connection state of the collection node 
10 1 and the opposed nodes 10 2 and 103. The edges S. 
and S of the section 20 1 are respectively terminated by the 
collection node 10 1 and the opposed node 10 2, and the 
edges S and S of the section 20 2 are respectively termi 
nated by the collection node 10 1 and the opposed node 
10 3. 

Within the collection node 10 1, a path of a channel No. 
P included in the section 20 1 is connected to the path of 
the channel No. P included in the section 20 2. A path of 
a channel No. P included in the section 20 1 is connected 
to a path of a channel No. P. terminated. 

FIG. 21B shows a demand packet 71 1 which the col 
lection node 10 1 transmits to the opposed node 10 2 
through the section 20 1 (see FIG. 19A). FIG. 21C shows a 
response packet 72 1 which the opposed node 10 2 returns 
(see FIG. 19B). 
The data of the response packet 72 1 are route connection 

state information 70 1 composed of the identifier E of the 
opposed node 10 2 and the identifier S of the edge of the 
opposed node 10 2's side of the section 20 1. 

FIG. 21D shows section data 81 1 concerning the section 
20 1 prepared by the collection node 10 1, which are 
composed of the identifier E of the collection node 10 1, 
the identifier S of the collection node 10 1s side of the 
section 20 1, the identifier E of the opposed node 10 2, and 
the identifier S of the other edge of the section 20 1 (see 
FIG. 20A). 

Similarly, the collection node 10 1 transmits a demand 
packet 71 2 shown in FIG. 21E to the opposed node 10 3 
through the section 20 2. receives a response packet 72 2 
shown in FIG. 21F, and prepares section data 81 2 concern 
ing the section 20 2 shown in FIG. 21G based on the 
response packet 72 2. The aggregation of the section data 
811 and 81 2 is the section opposed topology information 
82. 
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FIG. 21H shows connect data 83. 1 indicating that paths 

40 1 and 40 3 respectively prepared by the collection node 
10 1 are connected. FIG. 21 I shows connect data 83 2 
indicating that paths 40 2 and 40 4 are connected (see FIG. 
20B). The aggregation of the connect data 83. 1 and 83 2 is 
the internal connection state information 84. 

It is to be noted that since the path 40 4 is terminated, the 
identifier of the edge of the section corresponding to the path 
40 4 (P) is indicated by “ ”. 

Hereinafter, procedures (1)–(3) will be described refer 
ring to FIGS. 22–24 (see FIG. 12) in which the network 
topology connection device 100 in the collection node 10 1 
prepares the internal connection state information 84 (aggre 
gation of connect data 83 (see FIGS. 21H,21I, and 20B) of 
the collection node 10 1 to which the network topology 
collection device itself belongs, and the section opposed 
topology information 82 (aggregation (see FIGS. 21D and 
21G) of section data 81 (see FIG. 20A)) concerning the 
collection node 10 1 and the opposed nodes 10 2 and 10 3 
in the network 200 shown in FIG. 11. 

It is to be noted that hereinafter, the opposed topology 
information 82 to which the internal connection state infor 
mation 84 is added is occasionally referred to as opposed 
topology information 82. 
1 Preparing Procedure of Opposed Topology Information 
Step T11: The topology collector 11 of FIG.22 acquires the 

connection information of the path within the collection 
node 10 1 from the internal connection state manager 13. 

Step T12: The topology collector 11 prepares, from the 
connection information of the path, the internal connec 
tion state information 84 (see FIGS. 21H and 21I) which 
is an aggregation of the connect data 83 to be transmitted 
to the route analyzer 12. 

Step T13: The topology collector transmits the demand 
packet 71 (see FIG. 19A) to the switch 14. 

Step T14: The switch 14 transmits the demand packet 71 to 
all of the SOH terminators 15, which transmit the demand 
packet 71 by using the unused area of the section over 
head (SOH). 

Step T15: In the opposed node 10 2 of FIG. 23, the switch 
14 receives the demand packet 71 through the SOH 
terminator 15 1, and transmits a demand packet 71a. 
obtained by adding section receiving edge information 80 
received to the demand packet 71, to the topology col 
lector 11. 

Steps T16 and T17: The topology collector 11 prepares the 
response packet 72 (see FIG. 19B) based on the section 
receiving edge information 80 to be transmitted to the 
switch 14. 

Step T18: The switch 14 switches over the response packet 
72 referring to the receiving edge information 80 to be 
transmitted to the section 20b 1 through the SOH termi 
nator 15 1. 

Step T19: In the collection node 10 1 of FIG. 24, the switch 
14 receives the response packet 72 through the SOH 
terminator 15 1. The switch 14 transmits a response 
packet 72a, obtained by adding the section receiving edge 
information 80 received to the response packet 72, to the 
topology collector 11. 

Step T20: The topology collector 11 prepares the section 
data 81 based on the response packet 72a to be transmitted 
to the route analyzer 12. 
It is to be noted that, as shown in FIG. 1B, when the node 

10 1 is connected to the node 10 2 with a plurality of 
sections 20, for example, as many section data 81 as the 
sections 20 are prepared. 
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Similarly, the collection device 100 in the collection node 
10 1 prepares the section data 81 of the section 20 between 
the opposed node 10 3 and the collection node 10 1 itself 
to be transmitted to the route analyzer 12. 

Thus, the aggregation (i.e. section opposed topology 
information 82) of the section data 81 corresponding to the 
sections 20 connecting the collection node 10 1 and the 
opposed nodes 10 2, 10 3 is collected at the route analyzer 
12 in the collection node 10 1. 

Hereinafter, the procedure in which the collection node 
10 1 collects the opposed topology information (aggrega 
tion of section data 81 and connect data 83) of the opposed 
node 10 will be described referring to FIG. 11 and FIGS. 
25 32. 

2 Collection Procedure of Opposed Topology Information 
of Opposed Node 
A procedure (1) in which the collection node 10 1 col 

lects the section data 81 and the connect data 83 of the 
opposed node 10 2 in the network in FIG. 11 will be firstly 
described referring to FIG. 25 (see FIG. 13). 
Step T31: In FIG. 25, the topology collector 11 in the 

collection node 10 1 controls the Switch 14 with the 
switch control signal 60, and sets the static switch 
between the topology collector 11 and the SOH terminator 
15 1 corresponding to the opposed node 10 2. 

Step T32: The topology collector 11 transmits, to the switch 
14, a Switch changeover packet 74-E, S, t for setting 
the static switch between the section 20 1 of the opposed 
node 10 2 and the topology collector 11. The switch 14 
transmits the Switch changeover packet 74 according to 
the static switch. 
When the static switch is set between two sections 20, the 

format of switch changeover packet 74 is identifier “E” of 
the node 10, identifier “S” of the section edge, identifier “S” 
of another section edge. When it is set between the section 
20 and the topology collector 11, its format is identifier “E” 
of the node 10, identifier “S” of the section edge, “t” 
meaning the topology collector 11. 
As shown in FIG. 11, a switch changeover packet 74 1 for 

setting the static switch between the section 20 1 and the 
topology collector 11 in the node 10 2 having the identifier 
E2 is E2, S2, t. 

Hereinafter, procedures (2) and (3) after the switch 
changeover packet 74 is received in the opposed node 10 2 
will be described. 
Step T33: In FIG. 26, the switch 14 in the opposed node 

10 2 transmits, to the topology collector 11, the switch 
changeover packet 74a obtained by adding the section 
receiving edge information 80 indicating that the Switch 
changeover packet 74 is received from the section 20 1 to 
the switch changeover packet 74. 

Step T34: The topology collector 11, based on the switch 
changeover packet 74a, sets the static switch with the 
switch control signal 60, within the switch 14, mutually 
connecting the section 20 1 and the topology collector 11. 

Step T35: The topology collector 11 transmits, to the switch 
14, a packet 75a obtained by adding the section receiving 
edge information 80 received with the switch changeover 
packet 74a at step T33 to a changeover complete packet 
75 for notifying the changeover completion of the stitch 
14. The format of the changeover complete packet 75 is 
“header'+"changeover complete notification'. 

Step T36: The switch 14 refers to the section receiving edge 
information 80 received with the changeover complete 
packet 75a, and transmits, to the section 20 1 indicated 
by the receiving edge information 80, the changeover 
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complete packet 75 obtained by deleting the receiving 
edge information 80 from the changeover complete 
packet 75a. 

Step T37: In FIG. 27, the switch 14 in the collection node 
10 1 transmits the changeover complete packet 75 to the 
topology collector 11 according to the static Switch set at 
step T31. 

Step T38: After receiving the changeover complete packet 
75, the topology collector 11 transmits a topology collec 
tion request packet 77 to the switch 14. The format of the 
topology collection request packet 77 is “header'+'in 
dication of topology collection request'. The switch 14 
transmits the packet 77 according to the static switch. 
Hereinafter, procedures (4) and (5) after the packet 77 is 

received in the opposed node 10 2 will be described. 
Step T39: In FIG. 28, the switch 14 in the opposed node 

10 2 transmits the topology collection request packet 77 
to the topology collector 11 according to the static Switch. 

Step T40: The topology collector 11 performs the processing 
of the topology collection requested by the received 
topology collection request packet 77. Namely, the topol 
ogy collector 11 starts the processing shown at steps 
T12 T20 of FIGS. 22–24, and collects the connect data 
83 of the path in the node 10 2 to which the network 
topology collection device itself belongs and the section 
data 81 of the section connecting the node 10 2 and the 
opposed node 10. 
As many connect data 83 as the path connection pairs 

within the node 10 2 are collected, and as many section data 
81 as the sections terminated by the node 10 2 are collected. 
Step T41. In FIG. 29A, the topology collector 11 prepares 

the section data 81, the connect data 83, and a section data 
packet 78 and a connect data packet 79 in which the 
respective data are packetted. As many packets 78 and 79 
as the section data 81 and the connect data 83 are 
respectively prepared. 
FIG. 29B shows a format of the section data packet 78, 

that is “header'+'section data 81 (see FIG. 20A). FIG. 
29C shows a format of the section data packet 79, that is 
“header'+"connect data 83 (see FIG. 20B). 
The topology collector 11 transmits the prepared section 

data packet 78 and connect data packet 79 to the switch 14, 
which transmits these packets according to the static Switch. 

It is to be noted that in FIG. 29A, only one of the section 
data packet 78 and the connect data packet 79 are respec 
tively shown, while as many packets as the section data 81 
and the connect data 83 are actually transmitted. Namely, the 
section opposed topology information 82 and the internal 
connection state information 84 of the path are transmitted. 
Step T42: In FIG. 30, the switch 14 in the collection node 

10 1 transmits the section data packet 78 and the connect 
data packet 79 to the topology collector 11 according to 
the static switch. 
The topology collector 11 transmits the section data 81 

and the connect data 83 obtained by removing the header 
from the section data packet 78 and the connect data packet 
79 respectively to the route analyzer 12. 
Step T43: On the other hand, in FIG. 31, the opposed node 

10 2 transmits a switch release packet 76 to the switch 14 
after the transmission of all the section data packet 78 and 
the connect data packet 79 is completed at step T41. 
The format of the switch release packet is “header'+ 

“indication of switch release'. 
Step T44: After transmitting the switch release packet 76 

according to the static Switch, the Switch 14 releases the 
static Switch. 
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Step T45: In FIG. 32, in the same way as the above 
mentioned step T44, the switch 14 in the collection node 
10 1 transmits the switch release packet 76 to the topol 
ogy collector 11 according to the static Switch, and then 
releases the static Switch. 

Step T46: The topology collector 11 determines whether or 
not there is the node 10 which does not collect the section 
data 81 and the connect data 83 based on the collected 
section data 81 (opposed topology information 82), and 
determines the next node 10 to be collected. 
Hereafter, the collection node 10 1 similarly collects the 

section opposed topology information of the opposed node 
10 3 (see FIG. 14). 
3 Collection Procedure of Remote Node Information 
Hereinafter, procedures (1)–(15) will be described refer 

ring to FIGS. 33–47 (see FIG. 15) in which the collection 
node 10 1 collects the opposed topology information (sec 
tion opposed topology information (aggregation of section 
data)+path internal connection state information (aggrega 
tion of connect data 83)) of a remote node 10 4 through the 
opposed node (relay node 10 2) in the network in FIG. 11. 
Step T51: The topology collector 11 in the collection node 

10 1 of FIG. 33 controls the Switch 14 with the Switch 
control signal 60, and sets the static switch between the 
topology collector 11 and the SOH terminator 15 1 
corresponding to the relay node 10 2. 

Step T52: The topology collector 11 transmits the switch 
changeover packet 74 1, to the Switch 14, for setting the 
static switch to the switch 14 in the relay node 10 2. The 
switch 14 transmits the switch changeover packet 74 1 
according to the static switch set at step T51. 
In the node 10 2 having the identifier E, as shown in 

FIG. 11, the switch changeover packet 74 1 for setting the 
static switch between the sections 20 1 and 20 3 is E. S. 
S. 
Step T53: In FIG. 34, the switch 14 in the relay node 10 2 

transmits, to the topology collector 11, the Switch 
changeover packet 74a 1 obtained by adding the section 
receiving edge information 80, indicating that the Switch 
changeover packet 74 1 is received from the section 
20 1, to the switch changeover packet 74 1. 

Step T54: The topology collector 11, based on the switch 
changeover packet 74a 1, sets the static Switch, for 
mutually connecting the section 20 1 (SOH terminator 
15 1) and the section 20 3 (SOH terminator 15 2), in the 
switch 14 with the switch control signal 60. 

Step T55: The topology collector 11 transmits, to the switch 
14, the packet 75a obtained by adding the section receiv 
ing edge information 80 received at step T53 to the 
changeover complete packet 75 for notifying the comple 
tion of the changeover of the switch 14. 

Step T56: The switch 14 refers to the section receiving edge 
information 80 received with the changeover complete 
packet 75, and transmits the changeover complete packet 
75, obtained by deleting the receiving edge information 
80 from the switchover complete packet 75a, to the 
section 20 1 indicated by the section receiving edge 
information 80. 

Step T57: In FIG. 35, the switch 14 in the collection node 
10 1 transmits the changeover complete packet 75 to the 
topology collector 11 according to the static Switch set at 
step T51. 

Step T58: After receiving the changeover complete switch 
75, the topology collector 11 transmits, to the switch 14, 
a Switch changeover packet 74 2-E. S. t for setting 
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the static switch between the section 203 in the remote 
node 10 4 and the topology collector 11. 

Step T59: In FIG. 36, the switch 14 in the relay node 10 2 
transmits the Switch changeover packet 74 2 according to 
the static switch already set at the above-mentioned step 
TS6. 
It is to be noted that when the relay node 10 further exists 

between the relay node 10 2 and the remote node 10 4, the 
process of steps T52 T57 is repeated as many times as the 
number of the relay nodes. 

Hereinafter, a procedure (5) after the switch changeover 
packet 74 2 is received in the remote node 10 4 will be 
described. 
Step T60: In FIG. 37, the switch 14 in the remote node 10 4 

transmits to the topology collector 11 a Switch changeover 
packet 74a 2 obtained by adding to the switch 
changeover packet 74 2 the section receiving edge infor 
mation 80 indicating the section having received the 
Switch changeover packet 74 2. 

Step T61: The topology collector 11, based on the switch 
changeover packet 74a 2, sets the static Switch, for 
mutually connecting the topology collector 11 and the 
SOH terminator 15 2, in the switch 14 with the switch 
control signal 60. 

Step T62: Also, the topology collector 11 transmits the 
changeover complete packet 75 to the switch 14, which 
transmits the changeover complete packet 75 according to 
the static switch set at the above-mentioned step T61. 

Step T63: In FIG. 38, the switch 14 in the relay node 10 2 
transmits the changeover complete packet 75 according to 
the static switch. 

Step T64: In FIG. 39, the switch 14 in the collection node 
10 1 transmits the changeover complete packet 75 to the 
topology collector 11 according to the static Switch. 

Step T65: After receiving the changeover compete packet 
75, the topology collector 11 transmits the topology 
collection request packet 77 to the switch 14, which 
transmits the packet 77 according to the static switch. 

Step T66: In FIG. 40, the switch 14 in the relay node 10 2 
transmits the topology collection request packet 77 
according to the static Switch. 

Step T67: In FIG. 41, the switch 14 in the remote node 10 4 
transmits the topology collection request packet 77 to the 
topology collector 11 according to the static Switch. 

Step T68: The topology collector 11 performs the processing 
of the topology collection requested by the received 
topology collection request packet 77. Namely, the topol 
ogy collector 11 executes the processings shown at steps 
T11 T20 of FIGS. 22–24, and collects the connect data 83 
of the path in the node 10 4 to which the topology 
collector itself belongs, and the section data 81 of the 
section mutually connecting the node 10 4 and the 
opposed node 10. 

Step T69: In FIG. 42, the topology collector 11 prepares the 
section data 81, the connect data 83, and the section data 
packet 78 and the connect data packet 79 into which the 
respective data are packetted. As many packets 78 and 79 
as the section data 81 and the connect data 83 are 
respectively prepared (see FIG. 29). 
The topology collector 11 transmits the prepared section 

data packet 78 and the connect data packet 79 to the switch 
14, which transmits these packets according to the static 
switch. 
Step T70. In FIG. 43, the section data packet 78 and the 

connect data packet 79 are transmitted according to the 
static switch set in the switch 14 to be passed through the 
relay node 10 2. 
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Step T71: In FIG. 44, the switch 14 of the collection node 
10 1 transmits the section data packet 78 and the connect 
data packet 79 to the topology collector 14 according to 
the static switch. 

The topology collector 11 transmits the section data 81 
and the connect data 83 obtained by removing the header 
from the section data packet 78 and connect data packet 79 
respectively to the route analyzer 12. 
Step T72: On the other hand, in FIG. 45, after completing the 

transmission of all the section data packet 78 and the 
connect data packet 79 at step T69, the remote node 10 4 
transmits the switch release packet 76 to the switch 14. 

Step T73: The switch 14 transmits the switch release packet 
76 according to the static switch to release the static 
Switch. 

Step T74: In FIG. 46, in the same way as the above 
mentioned step T73, the switch 14 in the relay node 10 2 
transmits the switch release packet 76 according to the 
static Switch, and then releases the static Switch. 

Step T75: In FIG. 47, in the same way as the above 
mentioned step T73, the switch 14 in the collection node 
10 1 transmits the switch release packet 76 to the topol 
ogy collector 11 according to the static Switch, and then 
releases the static Switch. 

Step T76: The topology collector 11 determines whether or 
not there is the node 10 which does not collect the section 
data 81 and the connect data 83 based on the collected 
section data 81 (section opposed topology information 
82), and determines the next node 10 to be collected. 
Hereinafter, the topology collector 11 repeats steps 

T51-T76, and repeats the collection of the opposed topology 
information 82 from the node 10 to be collected until any of 
the nodes 10 collects the opposed topology information 82 
(see FIG. 16). 
4) Determination Procedure of Network Topology 
FIG. 48 shows a procedure of determining the topology of 

the entire network based on the opposed topology informa 
tion 82 (aggregation of section data 81) and the internal 
connection state information 84 (aggregation of connect data 
83) collected by the procedures of FIGS. 22–47. Namely, the 
route (topology) derivation procedure of the section, the 
line, and the path from the collected information is shown. 

Hereinafter, the route derivation procedure of the section, 
the line, and the path from the section data 81 and the 
connect data 83 will be described referring to FIG. 48. 
Step S11: The route analyzer 12 searches for all of the 

section data 81, and extracts all of the pairs of the 
identifier E, of the node 10 and the identifier S, of the 
section edge (see FIGS. 21D and 21G). 

Step S12: The route analyzer 12 searches for all of the 
section data 81, and derives the connection state of the 
section 20 between the nodes 10. 

The section data 81 collected by the method of the present 
invention directly represent the connection relationship 
between the node and the section. Therefore, the route of the 
section is determined by the processing of the above 
mentioned steps S11 and S12. 
Step S13: Since the lines are terminated at the nodes except 

the regenerator, the section whose both edges are the 
nodes except the regenerator is searched for, and that 
section is determined to be a route. 

Step S14: A single node is selected from among all of the 
nodes that are regenerators R., and the processings of 
steps S15-S17 are performed. 
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Step S15: The processing of step S16 is performed to the 

edges S, of all the sections of the regenerator selected at 
step S14. 

Step S16: In order to check that the section edge selected at 
step S15 is connected to which part of the regenerator, a 
single connect datum concerning the path of the section 
edge is searched for. As a result, the connection state of 
the line within the regenerator can be analyzed, and the 
route of the line which passes through the regenerator is 
derived. 

Step S17: Returning to step S15, the processing is performed 
to the next section edge. 

Step S18: Returning to step S14, the processing is performed 
to the next regenerator. 
At the processings of the above-mentioned steps 

S13-S18, the route (line topology) of the line is determined. 
Thus, the line topology can be determined based on the 
information included in another hierarchy, i.e. the section 
topology or the path topology. 
Step S19: The processings of steps S20 S23 are performed 

to all of the data (data indicating the path edge) without 
any information of the section edge within connect data 
C. 

Step S20: From the single connect data C selected at step 
S19, the destination (connecting destination) of a path P. 
a section edge S., is recognized, and the section informa 
tion of the section edge is searched for. 

Step S21: The destination of the section is recognized from 
the information searched for at step S20, and which the 
path is connected to is recognized. By searching for the 
connect data C of the node, which the path is further 
connected to is recognized. 

Step S22: If the destination recognized at step S21 indicates 
the path edge (if the connect data C have no information 
of the section edge), the route derivation of the path is 
Supposed to be completed. On the contrary, if not a path 
edge, it is recognized that the path is further connected to 
the next node. Therefore, returning to step S20, the 
processing continues the route search of the path. 

Step S23: When the route search of the path is completed at 
step S22, the used connect data become unnecessary, so 
that the data are discarded in order to shorten the retrieval 
time. 

Step S24: Returning to step S19, the processing of the next 
connect data is performed. 
By the processings of the above-mentioned steps 

S19–S24, the route (path topology) derivation of the path is 
completed. Thus, the route of the path can be determined 
based on the information (connect data C) of the hierarchy 
of the path and the section data of another hierarchy. 

Also, at the above-mentioned steps S11-S24, the topol 
ogy of the entire network is determined. 

It is to be noted that in the above-mentioned embodiment, 
the case where the node 101 is a collection node to 
determine the topology of the entire network is described. 
However, it is possible to easily determine the topology of 
the entire network with another node 10 being made a 
collection node. 
As described above, a network topology collection device 

according to the present invention is arranged such that the 
first means demand route connection state information when 
necessary, and prepare opposed topology information indi 
cating a connection State between a node to which the 
network topology collection device itself belongs and an 
opposed node which terminates a route terminated by the 
former node, the second means collect the opposed topology 
information of a node directly or indirectly routed to the 
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node to which the network topology collection device itself 
belongs, and a route analyzer determines a topology of an 
entire network based on the opposed topology information 
collected. Therefore, it becomes possible to easily determine 
the network topology. Also, since the information is trans 
mitted/received only when necessary, a useless transmis 
sion/reception of the information can be eliminated. 

Also, the network topology collection device according to 
the present invention is arranged such that an internal 
connection state manager manages internal connection state 
information indicating the connection state of the route 
within the node, and the route analyzer determines the 
network topology based on the opposed topology informa 
tion further including the internal connection state informa 
tion collected. Therefore, it becomes possible to easily 
determine the network topology. 

Also, the network topology collection device according to 
the present invention is arranged such that in a hierarchized 
route, the first means prepare the opposed topology infor 
mation corresponding to a route of each hierarchy, the 
second means collect the opposed topology information 
corresponding to the route of each hierarchy, and the route 
analyzer determines a network topology of a route in a 
specific hierarchy based on opposed topology information in 
the hierarchy and opposed topology information of a route 
in another hierarchy. Therefore, it becomes possible to easily 
determine the network topology of the hierarchized route 
with less information amount transmitted/received. 

Also, the network topology collection device according to 
the present invention is arranged Such that the information 
transmitted/received between the nodes is transmitted 
through the route composing the network. Therefore, such a 
problem that the network topology can not be determined 
due to a fault of another route is eliminated. 

Furthermore, by setting the network topology collection 
device according to the present invention in the node com 
posing the SDH/SONET basic transmission system, it 
becomes possible for the collection device to determine the 
network topology respectively corresponding to the section, 
the line, and the path in an arbitrary node, and to notify the 
determination to operators. 
What we claim is: 
1. A network topology collection device comprising: 
first means for demanding, from an opposed node which 

terminates a route which is an SDH or SONET link 
terminated by a node to which the network topology 
collection device itself belongs, route connection state 
information indicating a connection state of the route, 
and for preparing opposed topology information based 
on responded route connection state information; and 

second means for collecting opposed topology informa 
tion of a node directly or indirectly routed to the node 
to which the network topology collection device itself 
belongs, 

wherein the route connection state information comprises 
an identifier of the opposed node and an identifier of an 
edge of the opposed node side of the route, and the 
opposed neighborhood topology information com 
prises an aggregation aggregating route data, composed 
of identifiers of both terminal edges of a route and 
identifiers of terminal nodes which comprise terminal 
edges which respectively terminate the both terminal 
edges of said route, for all of the routes terminated by 
the node to which the network topology collection 
device itself belongs. 

2. The network topology collection device as claimed in 
claim 1, further comprising: 
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an internal connection state manager for managing inter 

nal connection state information indicating the connec 
tion state of the route within the node to which the 
network topology collection device itself belongs, 
wherein 

the second means collecting the opposed topology infor 
mation further including internal connection state infor 
mation within the node directly or indirectly routed to 
the node to which the network topology collection 
device itself belongs. 

3. The network topology collection device as claimed in 
claim 2 wherein the internal connection state information 
comprises an aggregation aggregating route connect data, 
for all pairs of a first and a second route connected within the 
node, composed of an identifier of a node, identifiers of a 
first and a second route connected within the node, and 
identifiers of a third and a fourth route including the first and 
the second route, wherein the identifiers of the first and 
second route are of the same hierarchy level of the multi 
plexed route and the identifiers of the third and a fourth route 
are of the same hierarchy level of the multiplexed route in 
another multiplexed route. 

4. The network topology collection device as claimed in 
claim 2 wherein the route is multiplexed, and 

the first means prepare opposed topology information 
corresponding to a route in at least one hierarchy level 
of the multiplexed route at the node to which the 
network topology collection device itself belongs, and 
the second means collect opposed topology informa 
tion corresponding to the route in at least one hierarchy 
level of the multiplexed route. 

5. The network topology collection device as claimed in 
claim 4, further comprising a route analyzer for determining 
a topology of an entire network based on the opposed 
topology information. 

6. The network topology collection device as claimed in 
claim 2 wherein the node has a Switch, and the second means 
transmit a Switch control signal for Switching over the 
switch of the node to which the network topology collection 
device itself belongs, a Switch of a relay node, or a Switch 
of a collecting destination node, and establish a transmission 
line for transmitting the opposed topology information. 

7. The network topology collection device as claimed in 
claim 6 wherein the information transmitted/received 
between the nodes is transmitted through the route. 

8. The network topology collection device as claimed in 
claim 1 wherein the route is multiplexed, and 

the first means prepare opposed topology information 
corresponding to a route in at least one hierarchy of the 
multiplexed routes at the node to which the network 
topology collection device itself belongs, and the sec 
ond means collect opposed topology information cor 
responding to the route in at least one hierarchy of the 
multiplexed routes. 

9. The network topology collection device as claimed in 
claim 8 wherein the internal connection stare manager 
determines the internal connection state information based 
on a function of each node. 

10. The network topology collection device as claimed in 
claim 1, further comprising a route analyzer for determining 
a topology of an entire network based on the opposed 
topology information. 

11. The network topology collection device as claimed in 
claim 10 wherein the route analyzer determines a network 
Topology of a route including a first hierarchy of multi 
plexed routes in a multiplexed route based on opposed 
topology information in the hierarchy of the multiplexed 
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route and opposed topology information of each route in a 
second hierarchy of the multiplexed routes. 

12. The network topology collection device as claimed in 
claim 11 wherein in presence of a node which does not 
terminate the route in the first hierarchy of the multiplexed 
route the route analyzer determines the topology of the route 
of the first hierarchy of the multiplexed route based on 
opposed topology information of the route in a second 
hierarchy of the multiplexed routes included in the route in 
the multiplexed route. 

13. The network topology collection device as claimed in 
claim 11 wherein the route analyzer determines the topology 
of the route in the first hierarchy of the multiplexed route 
based on internal connection stare information of the route 
of the multiplexed route and opposed topology information 
of a route in a second hierarchy of a multiplexed route 
including the route in the specific multiplexed route. 

14. The network topology collection device as claimed in 
claim 13 wherein the internal connection state information 
comprises internal connection state information of a virtual 
route in the first hierarchy of the multiplexed route. 

15. The network topology collection device as claimed in 
claim 1 wherein the node has a Switch, and the second means 
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transmit a Switch control signal for Switching over the 
switch of the node to which the network topology collection 
device itself belongs, a Switch of a relay node, or a Switch 
of a collecting destination node, and establish a transmission 
line for transmitting the opposed topology information. 

16. The network topology collection device as claimed in 
claim 15 wherein the node and the route compose an 
SDH/SONET network, and 

the second means establish the transmission line by using 
an unused area of a section overhead of an SDH/ 
SONET. 

17. The network topology collection device as claimed in 
claim 1 wherein the information transmitted/received 
between the nodes is transmitted through the route. 

18. The network topology collection device as claimed in 
claim 1 wherein the second means recognize a node con 
nected to a network based on the opposed topology infor 
mation covered, and repeat a collection of opposed topology 
information until any of recognized nodes collects opposed 
topology information. 


